Establishment of cellular polarity is an important feature of organ development and function. Epithelial apical-basolateral polarity allows tissues to perform vectorial functions, like the transport of fluid or directed secretion of specialized components. In addition, epithelial tissues acquire a second polarity axis within the epithelial plane, referred to as planar cell polarity (PCP). PCP was discovered in the fruit fly Drosophila and much of what we know about PCP comes from studies in flies (Seifert and Mlodzik, 2007; Strutt, 2003) . In vertebrates, processes requiring PCP signaling include skin and body hair orientation, polarization of sensory epithelia in the inner ear, and the directed movement and intercalation of mesenchymal cells during gastrulation (Wang and Nathans, 2007) . How individual cells coordinate their orientation over hundreds of cell diameters is a fascinating biological problem. Although much progress has been made, the molecular mechanisms that establish PCP are still far from being understood.
In this issue of Cell, the labs of Attisano and Wrana provide an elegant analysis of Smurf1 and 2 in the mouse, demonstrating that these E3 ubiquitin ligases are critical to the establishment of PCP mediated by the Wnt receptor Frizzled (Fz) (Narimatsu et al., 2009 ). The authors show that loss-of-function mutations in the Smurf1 and Smurf2 genes of mice cause PCP defects during convergence and extension in gastrulation and misalignment of sensory cells in the cochlea. These phenotypes are surprising given that the Smurf ligases were originally linked to the regulation of signaling by the receptors for transforming growth factor β and bone morphogenetic protein. At the molecular level, the Smurfs are recruited via Dishevelled (Dvl), a downstream effector of Frizzled receptors, to core PCP protein complexes that include the polarity protein Par6. This interaction leads to a Smurf-and Dvl2-dependent degradation of Prickle (Pk1). Strikingly, in the Smurf mouse mutants, the characteristic asymmetric subcellular localization of Prickle1 is lost in cochlear hair cells and the neuroepithelium, indicating that Smurf-dependent localized degradation of PCP components plays a critical role during the establishment of PCP.
Evidence for an antagonistic relationship between the Dishevelled (Dsh; Dvl in mammals) and Prickle proteins within the Frizzled-Van Gogh (Vang) core PCP group has been suggested by prior work. A negative effect of Drosophila Prickle on Dsh localization has been documented (Jenny et al., 2005; Tree et al., 2002) , whereas a negative effect of Dsh/Dvl on Prickle has been suggested but not yet shown. In the current study, Narimatsu and colleagues provide support for the hypothesis that Dishevelled antagonizes Prickle and, importantly, add mechanistic insight into how the Frizzled and Vang complexes promote their mutually exclusive asymmetric subcellular localizations (Figure 1) .
In Drosophila, prior to the initiation of PCP signaling, all core PCP factors of the Frizzled-Vang group colocalize in a ring at the apical cortex of epithelial cells (Seifert and Mlodzik, 2007; Strutt, 2003) .
Although not yet shown, it is very likely that this is also the case in vertebrates. The molecular interactions among the Frizzled-Vang group then lead to the stable formation of two complexes at opposing ends of each cell, along the respective axis of
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Marek Mlodzik 1, * polarization. On one side the Frizzled-Dsh-Dgo (Diego, Diversin in vertebrates) complex forms, and on the other side of the same cell the Vang-Prickle complex forms ( Figure 1A ). These complexes are thought to antagonize each other intracellularly and stabilize each other across adjacent membranes (Tree et al., 2002) . The transmembrane proteins Frizzled and Vang serve as the membrane-anchoring units ( Figure 1 ). In the absence of either, the respective cytoplasmic components are lost from the membrane (Seifert and Mlodzik, 2007; Strutt, 2003) . Although the equivalent model has not been addressed in detail in vertebrates, studies of Dsh/Dvl and Prickle during zebrafish gastrulation support a very similar scenario (Ciruna et al., 2006; Yin et al., 2008) . The analysis of the Smurf1/2 interactions with Dsh/Dvl reveal new features of PCP signaling. The association between Smurf and Dvl is dependent on the phosphorylation of Dvl, which is further supported by the observation that a PCP-signalingspecific Dsh/Dvl mutation (derived from a Drosophila allele) abrogates the association between Dvl and Smurf (Narimatsu et al., 2009 ). Importantly, Wnt5 induces Dvl phosphorylation via Frizzled in mammalian cells, and during Drosophila PCP signaling Dsh is hyperphosphorylated in a Frizzleddependent manner (e.g., Klein et al., 2006) . These data suggest that the initial interactions between the core PCP factors Dsh/ Dvl and Prickle are modified by phosphorylation, which permits the recruitment of factors like Smurf proteins, changing the dynamics and stability of the PCP protein complexes.
In addition, Narimatsu and colleagues identify Par6 as an essential mediator of Prickle1 degradation. In contrast to the Dvl-Smurf2 interaction, which is dependent on phosphorylation, Par6 binding to Dvl is constitutive. Consequently, the phosphorylation of Dvl leads to the formation of a trimeric complex in which Par6 and Smurf are brought together through their interaction with Dvl (Figure 1C) . This complex can then interact with Prickle1, either through Dvl or Par6 as both appear to bind to Prickle1 independently, a finding consistent with earlier studies in Drosophila showing direct binding of Dsh to Prickle (Jenny et al., 2005) . The main role of Par6 in the complex is to stimulate the ligase activity of Smurf, as efficient ubiquitination of Prickle1 is only observed in the presence of wild-type Par6. As a result of these interactions and ubiquitination, polarized localization of Prickle1 is generated. Accordingly, in Smurf1/2 mouse mutants, the polarized localization of Prickle1 is lost in the ear sensory cells and the neuroepithelium during formation of the nervous system. In particular, in the cochlear cells the asymmetry of the Prickle1 crescent is complementary to the reported localization of Dsh (Wang et al., 2006) , suggesting that as is the case in Drosophila or in mesenchymal cells during gastrulation, the localization domains of Prickle1 and Dsh/Dvl are complementary. Thus, the phosphorylationinduced recruitment of Smurf to a Dvl-Prickle1 complex is critical for PCP establishment because it leads to a localized degradation of Prickle1 and thus asymmetry and polarity of Prickle1 localization. Given that Prickle also antagonizes Dsh/Dvl localization through an as yet unknown mechanism (Jenny et al., 2005; Tree et al., 2002) , a stable asymmetry is generated with each complex on opposing ends of a given cell (Figure 1) .
Is this mechanism a general feature of PCP establishment? Dsh phosphorylation is a well-documented event during PCP signaling in Drosophila (e.g., Klein et al., 2006) . Although in Drosophila it is not known whether Wnt-family members are required to trigger the onset of PCP signaling (in contrast to vertebrates in which Wnt5 and Wnt11 are dedicated noncanonical Wnts), the correlation of Dsh phosphorylation with the onset of PCP signaling does suggest a similar mechanism in flies. An analysis of the Smurf mutants and conserved phosphorylation events in Drosophila could support the existence of a general mechanism. Narimatsu et al. (2009) identify protein degradation as a major factor contributing to the polarized localization of PCP proteins in the cell. The addition of ubiquitin ligases to the molecular repertoire of PCP-signaling complexes is an exciting step forward. It provides mechanistic insight into the nature of the antagonistic interactions between the core PCP complexes. With these new players available for study, very specific questions can be asked, creating new opportunities to further dissect mechanistic aspects of PCP signaling. DNA double-strand breaks are frequent byproducts of the DNA replication process, yet overt activation of the DNA damage checkpoint is generally not associated with progression of cells through S phase. The prevailing concept of checkpoint regulation posits that activation of the checkpoint kinase Mec1/ ATR-and the result of this activation such as suppression of replication origin firings-is promoted by single-stranded DNA. The apparent lack of interest on the part of the checkpoint pathway in DNA replication-associated double-strand breaks raises interesting questions. One strand of the double-strand break must be resected to create single-stranded DNA. Are the double-strand breaks that arise in S phase simply not resected? What is the fate of a replication fork that encounters a double-strand break?
These questions are examined by Doksani et al. (2009) in this issue of Cell. They use the HO (homothalic switching) endonuclease of budding yeast in which a double-strand break is induced at a single DNA site. In this version of the HO endonuclease system, the HO site is adjacent to ARS305, an efficient and early origin of replication (Newlon et al., 1993) . Transient activation of the HO endonuclease concomitant with entry of yeast cells into S phase did not markedly alter the kinetics of progression through S phase. Mec1-dependent phosphorylation of Rad53 (a checkpoint kinase required for cell cycle arrest in response to DNA damage) was not observed until 80 min later, well after cells had completed S phase. This was not due to a lack of resection, as the authors showed that the rates of double-strand break resection in S phase cells did not appear to differ substantially from that in G2 phase cells. The failure to see Rad53 activation until 80 min after break induction fits nicely with previous observations: roughly 10 kb of single-stranded DNA is required to elicit the checkpoint response (Vaze et al., 2002) , and the rate of resection of an HO endonuclease break is roughly 4 kb/hr (Fishman-Lobell et al., 1992) . In other words, it should take about 80 min to get enough singlestranded DNA to activate Rad53 (?4 kb of resection in each direction results in ?10 kb of single-stranded DNA).
Does this mean that a lone doublestrand break has no effect? Not exactly, but the effect is entirely unexpected. The specific double-strand break investigated by Doksani et al. did not exert a global effect on the yeast population in S phase. But Doksani and colleagues also looked locally, using two-dimensional gels to examine not only origin firing but also progression of the DNA replication fork close to the break site. The replisome (the complex of proteins at the origin that carries out DNA replication) does not appear to pause as it closes in on the break site, nor does it appear to restart on the other side of the break site. Presumably, this means that the replisome disengages from the DNA once the fork reaches the break ( Figure  1 ). Of course, each time an origin fires, it produces two sister forks that proceed away from each other in opposite directions. The possible existence of "replication factories" in which the replisomes of the diverging sister forks proceed in a coupled manner (Kitamura et al., 2006) suggests that disengagement of one sister replisome at the break would exert an effect on the other. However, as Doksani et al. showed, this does not appear to be the case, as progression of the 305L fork replisome continued unabated long after its sister fork, 305R, had disengaged
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